During a pandemic, the primary responsibility of community, government, and health care systems is to isolate the disease and slow transmission. Stopping or slowing the spread of disease decreases the number of individuals exposed and mitigates the surge of critically ill patients into health care systems. Concomitantly, health care systems should prepare for the surge predicted by public health authorities and expand capacity 1, 2 . If, despite maximum expansion, the surge is overwhelming, essential resources become scarce. Proactive resource allocation should reduce mortality and life-years lost for individuals and society as a whole. This document is intended to provide cardiothoracic surgeons with a guide to identifying and responding to ethical issues related to pandemics.
Cardiothoracic surgeons are of great value during a pandemic because they possess a unique and highly relevant spectrum of skills, including:
• mastery of the concepts of sterile fields and contact isolation;
• risk-benefit analysis and triage of the critically ill;
• endotracheal intubation and invasive line procedures;
• ventilator and hemodynamic management;
• management of complications of mechanical ventilation;
• pre-interventional evaluation and post-operative care for surgical emergencies;
• recognition of medically ineffective care in the critically ill;
• extracorporeal membrane oxygenation (ECMO) evaluation, cannulation, and management;
• innovation in times of necessity; and
• routine and sustained high-level mental workload in high-pressure circumstances 3 .
These skills are frequently in short supply and may be particularly valuable in communities suffering severe effects of a pandemic.
Ethical Concerns with Regard to Limited Resource Allocation
For this work, we rely in part on the ethical guidelines for limited resource allocation promulgated by the Centers for Disease Control and Prevention 4 . Appropriate resource allocation requires:
• identification of decision-makers to establish prioritization in distribution;
• identification of resources that are or are likely to be limited and in need of a distribution plan;
• identification of eligible recipients of these resources; and
• determining whether there is ethical justification for certain groups to receive higher prioritization in the distribution of scarce resources.
Although advocated by some, utilitarian philosophy is not an adequate ethical approach for planning -while maximizing positive outcomes must be considered, additional guidance based on respect for persons, nonmaleficence (avoiding harm), and justice should be included 4 .
For example, access to treatment should be ensured for communities that historically experience reduced access to health care. Maximizing the number of patients receiving care overall does not justify disregarding care for vulnerable individuals or communities 4 .
Sharing information and setting standards across institutions should be a priority to promote consistency in practice standards. Until uniform and consistent policies are established, allocation and distribution decisions will primarily be determined by local and regional networks and teams comprising physicians, other health care professionals, hospital administrators, and other policy makers, with guidance from ethicists. These teams will need to identify the resources that are or will be in short supply in order to develop a plan for prioritized distribution.
Decision making will need to be rapid and should include a fair process for efficient adjudication of disputes and appeals.
When need exceeds resource availability, identifying and characterizing the criteria by which patients will receive limited resources is key to fair distribution. Prioritization of recipients should be based on clinically justifiable criteria, such as likelihood of survival to discharge.
When individuals are considered equally likely to survive with the intervention, it should be provided to those anticipated to have greater years of life saved 2, 4 Social worth is generally not acceptable as a selection criterion, but when the preservation of social order or carrying out policies that address the pandemic are at stake, there may be a rationale for prioritizing certain persons to receive scarce resources, taking care to restrict such priority to morally relevant characteristics. Prioritization of health care or other frontline service workers may be justified if it facilitates their return to their professional roles in a timely manner 2 . . For example, prioritization of the use of preventive resources such as vaccines and personal protective equipment (PPE) may be reasonable. Time to recovery, and recovery itself, does not ensure that individuals will be able to return to their professional roles, however, so priority of treatment (e.g., ventilators) may not be justified.
Distribution of resources should not be based on perceptions of who does or does not deserve treatment, ability to pay, a first come-first served approach -those with access to reliable transportation and to media information may arrive first -or other criteria that are discriminatory and not ethically relevant, such as race, gender, ethnicity, religious belief, or sexual orientation 4 .
Application of Ethical Principles
Cardiothoracic surgeons must hold the patient's welfare as paramount 5 . The American Medical Association (AMA) Code of Ethics states that commitment to care for the sick requires physicians to provide urgent care during disasters even in the face of risks to the physicians' own safety, health, or life, while at the same time avoiding becoming infected themselves in order to maintain their ability to remain clinically effective 6 . The duty to treat is implicit in the very nature of medical professionalism. During a pandemic, severe shortages of health care professionals are common, placing a special obligation on surgeons to be present and engaged because of their unique and relevant skills 7, 8 . In addition to medical and surgical skills, surgeons must also be familiar with the principles of controlling a pandemic and allocation of limited resources 2,9 . Slowing and limiting disease transmission is the central principle for controlling a pandemic 9 . Limiting transmission decreases the surge of the severely ill into health care systems and thereby decreases mortality for systems with limited capacity 2 . During a pandemic crisis, cardiothoracic surgeons, when members of policy-making groups, should help to ensure that:
• critically limited resources are clearly identified and acquired (ventilators, medications, ECMO, PPE);
• critically limited infrastructure needs are identified and acquired (critical care beds, isolation beds, staff);
• full deployment of hospital surge capacity occurs;
• all reasonable attempts are made to conserve, reutilize, adapt, and substitute resources;
• requests for additional resources to local, regional, and state health officials are made;
• requests for regional, state, and federal resources or infrastructure are also made; and
• critical care triage not be initiated until resources and options for additional Once a public health crisis is declared, rules that favor the overall benefit to the population and society take precedence 2 . Disease prevention is necessary to preserve a functioning society. Prevention includes distribution of PPE, vaccines, and antiviral medications to health care providers and others. Surgeons must balance the resources needed by their patients and those actively infected, at times postponing cases that can be safely delayed. In addition, surgeons may need to delay cases if admitting a patient to the hospital would put the patient at undue risk for hospital-acquired transmission. When shortages of resources can be foreseen, postponement or cancellation of elective cases may be justified.
Critical care triage including allocation of ventilators and ECMO to the critically ill poses a different situation 2 . Prolonged recovery limits the surgeon's and other providers' ability to return to prior roles. Therefore, it is reasonable that priority be given to those who are most likely to survive with a shorter recovery. If the chance of survival between patients is equal, further assessment of years of life saved and resource consumption may be reasonable.
Typical cardiothoracic surgical emergencies may compete with infected patients for critical care resources. In severe scarcity, surgical patients with a poor prognosis may be denied intervention or be removed from mechanical support to allow reallocation to infected patients with a better chance of survival. Conversely, emergent surgical patients who will likely require no more than a few hours of ventilation may take priority over patients with respiratory failure. 
